Los Documentos de Trabajo del CIDE son una herramienta para fomentar la discusión entre las comunidades académicas. A partir de la difusión, en este formato, de los avances de investigación se busca que los autores puedan recibir comentarios y retroalimentación de sus pares nacionales e internacionales en un estado aún temprano de la investigación.
Researchers have to use information that is structured in administrative or political regions which are not always economically meaningful. The nonavailability of geographically disaggregated information prevents to obtain empirical evidence in order to answer some relevant questions in the field of urban and regional economics. The objective of this paper is to suggest an estimation procedure, based on entropy econometrics, which allows for inferring disaggregated information from more aggregated data.
In addition to a description of the main characteristics of the proposed technique, the paper illustrates how the procedure works taking as an empirical application the estimation of income for different classes of Mexican municipalities. It would be desirable to apply the suggested technique to a study case where some observable data are available and confront the estimates with the actual observations. For this purpose, we have taken the information contained in the Mexican census as a benchmark for our estimation technique. Assuming that the only available data are the income aggregates per type of municipality and State, we make an exercise of ecological inference and disaggregate these margins to recover individual data.
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Introduction.
One relatively frequent limitation for empirical economics is the lack of data available at an appropriate spatial scale. Although the target, in principle, would be to work at a smaller geographical scale, the non-availability of geographically disaggregated information usually limits the conclusions of the analysis at an aggregate level. To overcome this problem, a process of Ecological Inference (EI) is required in order to recover the information at the required spatial scale.
Generally speaking, EI is the process of estimating disaggregated information from data reported at aggregate level. Research in this area has grown enormously in recent years, given its usefulness in many academic disciplines of social science as well as in policy analysis. The foundations of EI were introduced in the seminal works by Duncan and Davis (1953) and Goodman (1953) , whose techniques were the most prominent in the field for more than forty years, although the work of King (1997) 
Ecological Inference as a matrix balancing problem
The problem of estimating spatially disaggregated data can be described in the same terms as on the matrix-balancing problem depicted in Golan (2006, page 105) , where the goal is to fill the (unknown) cells of a matrix using the information that is contained in the aggregate data of the row and column sums.
Graphically, the point of departure of our problem is a matrix where the cells are the unknown elements we would like to estimate and we define the following sums , , and . The elements can be expressed as a bi-dimensional probability distribution simply dividing the quantities of the matrix by the sum . In such a case, the previous matrix can be rewritten in terms of a new matrix where the are defined as the proportions , with new row and column margins defined as and respectively. Consequently, the followings equalities are fulfilled by the elements:
(1)
These two sets of equations reflect all we know about the elements of matrix . Equation (1) shows the cross-relationship between the (unknown)
in the matrix and the (known) sums of each row and column.
Additionally, equation (2) indicates that the can be viewed as (column) probability distributions. In such a situation, the Cross Entropy (CE)
principle can be applied to recover the unknown probabilities if we have available a prior distribution that reflects our initial assumptions about the target matrix . In other words, we want to transform an a priori probability matrix into a posterior matrix that is consistent with the vectors and .
The solution to this type of problems is obtained by minimizing a divergence measure with the prior probability matrix subject to the set of constraints
(1) and (2), which can be written in the following terms:
The divergence measure is the Kullback-Liebler entropy divergence between the posterior and prior distributions. The entropy-based estimation techniques outlined above can be directly applied to the field of Ecological Inference (EI). Judge et al. (2004) suggested the use of information-based estimation techniques for EI problems, although in a different context (the estimation of individual voters' behavior from aggregate election data). In this paper we suggest an application of CE following the line of Judge et al. (2004) and posing the EI as a particular case of the more general matrix balancing problem.
Consider a geographical area that can be divided in T smaller spatial units (regions). Besides this first geographical partition, suppose that there is another dimension on which we would like to observe some variable.
Consider that this second dimension is the classification into K different industries on which the economic activity can be divided. The objective of the estimation exercise would be to recover the values of the variable disaggregated by regions and industries from aggregate information at the industrial and regional scale. Graphically, this estimation problem can be represented by Figure 1 . If an a priori probability distribution is also available, the Cross Entropy procedure outlined previously can be directly applied.
A flexible CE estimation with non-reliable margins
The above-sketched procedure assumes that we have perfectly reliable information of the margins and , which can be considered as an unrealistic assumption. Suppose that we observe row and column margins as and , where:
Where and are random errors that make the observed margins diverge from the real margins of the target matrix. In this situation is still possible to adjust our prior with row and column margins not perfectly reliable by means of a Generalized Cross Entropy approach (GCE), following a similar approach to the ideas suggested in Golan and Vogel (2000) or Robinson et al. (2001) .
The basic idea is to re-parameterize the errors and in terms of unknown probability distributions. The uncertainty about the realizations of these errors is introduced in the problem by considering each element and as discrete random variables with possible outcomes (for the sake of simplicity is assumed common for both). These values will be contained in two convex sets and respectively. We also assume that these possible realizations are symmetric ( ; ) and centered on zero. The unknown probability distributions for the support vectors will be denoted as and and, consequently, the random errors are defined as:
Consequently, the GCE problem can be written in the following terms:
Subject to:
Note that both the bounds specified in the support vectors as well as the a priori probability distributions ( and ) reflect our assumptions on the way the errors are affecting the observed margins. Larger bounds in and would allow, obviously, for larger errors. In the context of GCE problems, the values of the supporting vectors for the errors are usually fixed following the three-sigma rule (Pukelsheim, 1994) , which in this case implies to take as upper and lower bound three times the standard deviation of and respectively; whereas the a priori distributions ( and ) are set as uniform.
The case of Mexico: available data for economic analysis at small-scale
Availability of economic data at small-scale varies very much depending on the country studied. Another inconvenient is that the estimates on GVA added are not available every year at a municipal level, but they are only published for the years when the Censo Economico is constructed. If the research we want to conduct implies the observation of data at a municipal level that refers to production, gross value added, etc., the reference is the Censo Economico.
The National Economic Census in Mexico is the main source of economic data for the National System of Statistical and Geographical Information, and gives the basis for the development of many other economic measures.
The information contained in the economic census refers to every economic unit in the country and it provides data for every level of geographic disaggregation, for each one of the more than 950 NAICS activities. Given the enormous amount of resources required to elaborate it, INEGI publishes one economic census every five years, corresponding the most recent one to 2009 (its cost was around 1.9 billion Pesos). In our estimation problem we assume that not the individual cells, but only some aggregated information (the column and row totals in bold) is observable. More specifically, vector R with dimension ( ), contains the municipal shares of gross value added across the state (row sums of Table   1 ). Moreover, vector is given by the proportion of gross value added by industry at the state level (column sums of Table 1) . From these aggregates, we will apply the entropy-based estimation strategy explained in previous sections to recover the distribution of gross value added by municipality and industry.
Estimates versus "real data": municipal GVA in the state of Aguascalientes
From this point of departure, the estimation problem can be written as a CE matrix adjustment as follows:
Subject to: The above-sketched adjustment method assumes that we have perfectly observable information on margins and . Whereas assuming that vector could be observable without error (SIMBAD provides official data yearly on GVA by industry at State level), it is difficult to assume that we have perfectly reliable information on , given that this information (GVA distribution by municipality) is only estimated in the Economic Census.
Some proxy variable, however, could be used instead. For example, in the SIMBAD system we can find data on the distribution of public revenues by municipality, which can be supposed to be strongly correlated with the GVA level. In this context, the information of this variable is taken as vector , being and where each is defined as . In this context the following GCE problem can be solved:
Note that the last term in (6a) is removed in (10), and (12) is identical to (9), since we assume that is observed without error. For the sake of simplicity, only three points ( ) are included in the support vectors of the errors in , which have been fixed using the three sigma rule and being always the central point equal to zero.
The solution to the CE program is presented in Table 2 , whereas the result for the GCE adjustment with imperfect margins is presented in 
where the elements denote the estimated gross values added. From the figures in Tables 2 and 3 we can see a huge variability in the accuracy of the estimates, but under the general rule that the largest cells produce comparatively smaller errors. At an industry dimension, the manufacturing activities (with a share of approximately 60% over the gross value added of the state) is the branch with the smallest error. Oppositely, "Other services" with a GVA that weighted less than 6% in the 2009 state aggregate, was the industry with the largest error.
At a geographical dimension, this same pattern is observed as well, even to a greater extent. The errors range from more than 100% for the municipality of "El llano" (a very small municipality) to less than 4% for the capital city of Aguascalientes, which concentrated more than 78% of the state GVA according to the 2009 Economic Census. There are other medium-size towns like "Jesús María" or "San Francisco de los Romos", which weighted 11% and 6% respectively on the total GVA, where the errors are relatively low as well. Finally, is for the cases of small municipalities (with a weight of less than 2% over the total GVA according to the 2009
Economic Census) where the error figures increase dramatically. All in all, the average absolute error is around 8%, which seems a quite good indicator of the estimates obtained.
Conclusions and future research.
This paper applies a methodology based on Entropy Econometrics to estimate data at a municipal scale and classified into industries. The methodology proposed is evaluated with observable data from the Mexican Economic Census. This is an especially useful case because official data are available in a level of disaggregation not usual in other countries.
Specifically, our objective was to estimate, by means of the CE procedure, municipal GVA data by industry published by INEGI in the Economic Census of 2009 for the state of Aguascalientes. In spite of some cases where the errors are exceptionally large, the general performance of the method seems to yield quite moderate errors suggesting that the CE approach can be taken as reasonably reliable.
